A pilot high rate algal pond (HRAP) interconnected to an external CO 2 −H 2 S absorption 17 column via settled broth recirculation was used to simultaneously treat a synthetic 18 digestate and to upgrade biogas to a bio-methane with sufficient quality to be injected 19 into natural gas grids. An innovative HRAP operational strategy with biomass 20 recirculation based on the control of algal-bacterial biomass productivity (2. Introduction.
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A pilot high rate algal pond (HRAP) interconnected to an external CO 2 −H 2 S absorption 17 column via settled broth recirculation was used to simultaneously treat a synthetic 18 digestate and to upgrade biogas to a bio-methane with sufficient quality to be injected 19 into natural gas grids. An innovative HRAP operational strategy with biomass 20 recirculation based on the control of algal-bacterial biomass productivity (2. L/G ratios ranging from 0.5 to 60 were tested in order to maximize CO 2 and H 2 S 145 removal while minimizing O 2 and N 2 desorption from the recycling liquid to the 146 upgraded biogas. The synthetic biogas was sparged into the AC at 5.3, 16.0, and 31.5 147 mL min -1 , while the external liquid recirculation rate was set at 15, 60, 120, 203, and 148 315 mL min -1 for each biogas flow rate tested. The AC was constantly fed with the 149 algal-bacterial broth at a pH of 10 ± 0.3. The absorption system was allowed to stabilize 150 for two times the AC hydraulic retention time (HRT) prior to the monitoring of the 151 upgraded biogas composition by GC-TCD. 152
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The HRAP was inoculated with a consortium of cyanobacteria/microalgae composed of 155 Germany). The C and N contents of the algal-bacterial biomass were determined using a 186 CHNS analyser (LECO CHNS-932), while P and S contents were determined using an than 0.007%, 0.4%, 0.2% and 3%, respectively, which complied with most European 223 bio-methane legislations. Therefore, the recycling liquid to biogas ratio was identified 224 as a key operating factor determining the final quality of the upgraded biogas. 225 
L/G ratio
The CO 2 content in the bio-methane gradually decreased during stage I from 3.5% to 232 1.2% (Figure 3a) , concomitantly with the increase in the pH of the cultivation broth in 233 the HRAP up to 9.1 ± 0.1 due to microalgal photosynthetic activity (Table 1) increased from 91 ± 4% up to 98 ± 2% when biomass productivity increased from 2.2 to 361 7.5 g m -2 d -1 (Table 2) . Despite the slight influence of biomass productivity on TN-REs, 362 the share of the inlet TN assimilated into biomass varied from 19 ± 13 % at the lowest 363 microalgae productivity to 83 ± 9% at the highest productivity (Table 3) profile under nitrogen starvation [33] . The valorization of this microalga into high-403 added value chemicals or biofuels such as syngas, bioethanol or bio-oil using a 404 biorefinery approach will certainly enhance the sustainability and economic viability of 405 microalgae-based biogas upgrading [34] . 406
The high diversity revealed by microscopic observation was confirmed by the Shannon-407
Wiener diversity indexes obtained, which ranged from 1.5 to 3.5 ( Figure 1,  408 supplementary material). The slight decrease of this index from 3.2 in stage I to 2.9 in 409 stage II also confirmed the shift in algae diversity microscopically observed. Likewise, 410 the analysis of the Pearson similarity coefficients showed a high similarity between the 411 microbial communities present in stages II and III (99%), which was in agreement with 412 the above mentioned establishment of a dominant microalga specie. The DGGE analysisdifferent phyla were retrieved from the RDP database: Cyanobacteria/Chloroplast (10 415 bands), Acidobacteria (4 bands), Proteobacteria (4 bands), Deinococcus-thermus (1 416 band), Chloroflexi (1 band), Actinobacteria (1 band) ( Table 1, supplementary material) . 417
The morphological identification of Mychonastes homosphaera was confirmed by 418 bands 8, 9 and 10, which belonged to the genus Chlorophyta and were related to 419
Chlorella species. The phyla Acidobacteria (bands 12 and 13), Proteobacteria (bands 420 15 and 16) and Actinobacteria (band 21) were found in the three operational stages, 421 while the phylum Chloroflexi was detected in the inoculum and stages II and III. 422
Bacteria from the genus Blastocatella (band 11) and the Gammaproteobacteria class 423 (band 15), which have been identified in activated sludge [35] 
